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28-3 



1020000067065 2000/12/ 

1>^£r 7l^( substrate) 4 ^WS^Hmicrostructure) * r °H 9X^ 
s] AD^s^Kgr ^z^ r o} j7 3V^^.( stiction )o]u|- ^#^( residues) 7}^^.S.^ - 

nl^l^s^ll- ^#^1 £rSM^ U-^^-S-Al, ^^(MEMS: Micro-Etectfr© - : 

Mechanical System)^*}^ ^1^1 -8-g-* r 7l Jfltr w<HMl ^ ?J IrSH^ 1 ^ 

-SrS^-§- ^71^-^ ^7^]# S^-sr^ ^^(MEMS; Micro Electro Mechanical System)^!- 

[Efl5.:E] 

£ 2 

^^p-g- Ul^l^-S^l, 5)^3^, jl^tf, ^Ht#^ 
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^^^7.} 4^.-%- ^^s^ll- Jl^-^ol {St ict ion-free release-^method^ 

i^t. v. -.p-^trof microstructure for fabrication of MEMS device} --i >; 



£ 2^ ^ 1-^1 

^€ ^3* ^-^^ SEM A r *L 



51 7^ ^ nj-ej- ^31*1 ^Hr-^i ^#<?1 #sK v iL^^r 

5. 10^r ¥r SOI^ ^lS^S^-I- J±^^Hr 
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nsrnor * JE^s) ^-^-^1 tfl^V ^Jf t^^l i£x$ * 

101: Jl^-^^-(stiction) 

102: #^--§-11 (residues) 

301: X\s. 3r«14i(load lock chamber) 
-• A ^ 302: «V-§-^3(etch chamber) 

303: 7>i : g-g-^l(gas delivery system) 

304: ^1 ^ ^S. (vacuum pump) 

305: %]o)v\ 

306: LM 7>o]^(lm guide) 
307: SI^ o>«a- (robotic arm) 
308: 7flo|E »gu.(gate valve) 
'" 309: 7] substrate) 

310: 3^ e]SH(3- pins Hfter) 

311: «1 (heater) 

312: MS-f ^(throttle valve) 

313: -fr^=2:^7Kmass flow controller) 

314: 7 r «l*l|2E. (heating pad) 
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315: all- e] (bubbler) 

316: q*«J):tL(needle valve) 

317: ^1^1) (baffle) 

318: ^^1 = (shower head) 

319: 7fl (pressure gauge) 

320: ^HH^-g-*}?! (residual gas analyzer) 



<36> ^^o. «>h^1 3J-*1<^ ^^-(silicon oxide) ^4^°! 

(substrate)*!- ^l^a^Kmicrostructure) A r °H ###£1 ^2r^ ^ 

-H2l-^^(stiction)olM- ^1-^ (residues) &°1 7l^^fEi ul^l^s^ll- ^ 
^Ml ^-el^l^ ^-f^ a o v ^^-S. ^>°l3S^Al^( surface micromachining)AS. 
^(MEMS: Micro Electro Mechanical System)4i^>l- ^flS^b 

<37> ^a>^ Af-g-5>jl ^el^ ^-g-sf^ ^-fofl^ nfl 

W 1-3K~£(HF) Af-g-sH (wet etch)°-3. *)l^tr ^ , 

-£r^(DI water), ^TiMrGnethanol), ^l^hS^.^ lM-(isopropyl alcohol 
2-Propanol) -f-^ 4^<a>o_5. ^ -g-^ ^ (rinse)1*H w 0 >^# 
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<38> zie^i4 o}^ tjj-^^- A>-g-s>^ ^-f, #7] ^1^^^- f^Al 71 ^ ^iS(drying) ^*<H1*1 
7}& A>olofl oj^ n>o]3€- Dl^}*}- #(gap)ofl 4]3*M #ff-*l-7fl 

S)t^ ; ol5.o]*l- S.^^^ (surface tension)^ SJS'M S-^M ^(capillary force)°l 
^Ml ^cf. ^ °1 ^1 "H1^*1H*1 ^S^Kr ^Ha^T} EL?]} *Hl^-2:-§- • 

oi <^ai^o.s. 7i^i y^h^ ^#°i <h<hm-h, < £*}^<& ^ ^ 

^Qflol ^j-^e^ ti>dl ^(van der Waals force), - ^ 

(electrostatic force), ^r^L JieR 1 (hydrogen bridging) -f-°ll ^^efl ^^^l ^-^ v 
«H*)feEfl, ol-i- jL2]-^^-(stiction) o]s\. *Vcf. 

*>-§-<Hl ^«fl €<33-°3- #(H 2 0)°1 ^^Tfl olnfl *\}7]^9l <&^3*"7}tt<& 

^5- ^M-^^-i -§-#( condensation) ^1^°-^ 7"l^r 7]^-B\^} 

*}7l £ loll q-El-vflSi^. 
<40> ^^a] 7 )j$ Aizl- ^ofl o^tr SEM £ 5 oil M-^^cf. a^^Hl *1 

^7l(scum), ^^"(side wall polymerization), IrSj-^ii ^^1 (decor at ion) ^.S. 91 

n -t>sl-^- 0 l ^^1 ^3*1 JL^^r *Hr§-;goi 3}^ ^ 

<H #4. ^7H1^ ^e}^°r T^Tfl n>l;Ol *33 #4^1 7l7ll4, ^ 

el^^r til (hydrophobic )°1 £\sm- NH 4 F^Bl» *}^- H <^«°1 4*\*\9X°-^ °la|tr 
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<H 3L<M -fr 31^.2] ^-^o] s.^^. ol-g-^ ^cy^l ojAi-s)-^ ^(supercritical C0 2 
drying) ^ (51 2 °)H<^ A->B ^5.), ^1^°-^* 3.*\)S. <2fl*ll#Efl«- 7^^^ & 

- Jl ^sj-l-^<y t-^-lt p-DCB (dicholorobenzene) -f-°ll ^Itr ^sKsubl imat ion) 

' (5L 2 <*)H<2] A->C 3S)f-°l 7fl^-£l^o.M-, °l^tr ^*»fl 

<43> ^-71 StJ- ^ £r*H^ n^}7) W ^£r, sj^^^ ^ *Mr ^ 

-Ir^K^i 7>ifi1- <£s# ^7l» ol-g-^jr, ^£2}- <£bH n} = §o] 
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1020000067065 2000/12/ 
3 -fr*]*r*r #31; ^fif #3 ^7l^^ol sj^s. 2:^ 

#31-1- i^sRr ^^(MEMS; Micro Electro Mechanical System)^*]- *H2:-§- ^H^^all 
o.# =1 -ffe #13 ■& 

<45*> ^-71 ^ ^ <<r*8*] <a-^^ 25-75torr 3. ^ -g^^ 25-80X13. 7 A 

°) TE0S, LT0, PSG, BPSG S^f ^s^Cthermal oxide) # ^d©}£l 1^ <^l^-#. ^>-§-§>^ 

_ ...3 o] f -^-71 IhS^ ^1 , o] il^l <£iEL^; ; • <^1 ## ^ "1^ o] • A>-g-^fe- - ?H - 

w>^^>c]-. atb A o v 7l 4i*r^ 3* #^ ^s)^- ^-2:^ *r ^^f. 

<46> ^tr t^^r ^^^1-sl nl^l^^l* ^tr ^l^^ofl #6]*\ t w> 

4i ^ ^JS^l 7l^zj- ^ O.S. ^"71 ^^sj-^ ^^Hr ^^AS Sj- 

<47> ^-71 ^ nl^^^l- <?}tb Sj ^Sj-iaJ- ^TlU-^ofl 5ti<H>H, -SM #-§-^ 

^1 <a-^^ 25-75torrS. ^ ?M , 25-80*05. ?M H}^-aj^>cf. *\z$X\°] 

<S^o) 25torrol^>ol7li4 ^£7> 80'C°l#ol Mz^o) ^-t^ ^ , ^ 

°1 75torr^^ol7lu|- £r3E7 r 25°C°l* r 7l £}# -g-^o] BB>57fl «>^^1 Sh}. 
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<48> c)t}, S. 3# -#4*1-711 -i^tH^. 

<49> <£^X\6\)g,X] A}-g-5l S. 3^1 7)^Z)i ^lxr ^ti] 

^(301), ^*Kr #-§"£(302), 7>>i^^(303) ) *1^=(304), ^H^l 

fl3 ^ <>He}- tiV-g-^^lS] ol^-f-s. ^ oi^-z. ^ 1:^(315)^1^ *h§-^ (302)^1 3 
o)^S.^ ^r£# 100 tS ^6\] o^sfl 7] 51-51 o] ^^(302)^] 

-g-^sH ^jl ^ ^ ^ ^a-a^ #^mi; 

# 64.6°C , o]^ SS ^ <£^# 82.7°C) ^1^>^1 -8r£7> S]^ 7}i4 ^ 

- -7-l-7> ti>-g-^(302M 5LW*1 7}^b}-°1 ^--g-^TiHr^ ^m^^ - 

*>7}£ ^Kl^H -g-^S]^ <4#ofl 7>^^-^l tfl^^r ^ ^-^§1 7l^(column)^l 

-fi-^E^SL ^5^*1 3*1 #.X] ^ ^ Xi7l trfl-g-o,! O]^- ^1 *>7l~ ^ ^14. 

S*!: ^--g-A] #0] -g-^Sl^l *V-§-^ SEtt 7}<£f>}£\o\) 2]*}*] ^ 

■&}5L 9X°-^, SEtt ^l^l ^-§-^(302)31- tifl 71^; 21 iflJjL:^ ^-^Hr^ 7>^ofl ^sfl ^ 

^ (corrosion)^ 3*1 ^^s. (teflon coating)^ 3^ 

<50> ol&)^ ^-71^ Hl-3- ^-ol ^ igHJ^Hr # 7>^cfl 

^ <£3.^°) tiV-f-ofl o^H 7l2>£lJL, 1+^*1 tiV-g-^ ^^11- 7>«1^ 7l ^ £ 

^ *Hf€ #°1 7l^r $H1 -§-^3*1 ^r^l 7l5}^^.S.^ #sl ( 

5L 2)3 A->D JI 3}-^^l M- SHfl-^ ^-^^1 ^S\o] b\<%*\ v)*]} 

^S^ll- ;*fi £E*Hr 7>^>7ll 3^r 

<5l> -g. ^11- -f-^ ^ i*}-g- nli^^^§ 5)-f^ wj-^^- zp.^^ #^^^ ( 

-f^d aV^-^tflS. ol^(305)l- <y#^ ^^i ^-§-^(302)011 tfl 7 l^- 
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#315. =l t}-g-8r ^°I^(301H1 5U^r LM 7H = (306)^1 -^sM oi^ 

o>o}-(307) ^o]^(305)l- ^JL Til o]e *JjtL(308)# -f-*fl #-§-^(302)5. i# 

^rf. o] nfl 7] ^(309)^1 $1*1 3^ E|=J= (310)71- *)H ^ (305)1- *J1 Y+ 4^1 SiL 

3 o>«g-(307)-g- «fl^tf. ^-aH 3^ e)SM(310)7> ^fl^7> ^V-g-^ vfl£] «1 1=1(311) $H 
• 71^(309)^^1 3M3l(305)# 4*1 #^5.(304)5. «>-§-^(302)^r ^1 

»v. ^#Efl5. all7l^>Jl 7l#(309)°l ^ ^r£.^l S^rJI S5.-S «1«-(312)^1 ^Sfl 

.SH JE^}^ ^ 7}i#^r tiV-g-^ (302)5. ^^cf. ^sl- 1 ^ *W 

-^-fe^ 71(313 HI 2)n ^s}^ ™t ^^Q, 71-^ (carrier gas)» °^3.^r 

... .^.^£-1(315)^ ^<%n<$ ^Sl-fe- #7ll-A>-g-tb4. --# 7>#2fl 

= (314)5. l-ei ^ °^^£7l- -fM-S 7>^ ^nKgas cylinderHH lOpsi 

5. 7}^Wr -^-g-W. 

<52>-- zlsIji ?fleH 7 }^o] ^ -e-^s^ 7] (313)^1 €*Kr -n-^ 

si ^£5. all- &| (315)^1 7lsHS ^ ^ 

£-8- qi: y ly-(316)^l 3l*Kr ^ 3*3*1 ^dfcS* ^S- 

*H1 y o v ^l ^(baffle, 317)5. ^°^}it 5«a*Wl ^-^>£^- *fl^ 

= (shower head, 318)4 *14- (302)5. °M ^felfil ^o) 

*3 f^l <£3.-£2\ ^^#ofl ^^^0.5. ^-§r ^sK- 

&<&o} i5j-<a-^ (saturated pressure) °-5. ^^Jl 7>^*>^ a] 
l-ei^l <y-^^ ^4i2l ^-<y-4 <£3#3] ^-ol 0.5. &<#o] ^}7\] £\JL t ^ 
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z*-&-£r It^Ht^ &<&£\ *H^- ^ofl wlefl*}jELS ^z]-#o) ig^r}-. 



<54> HF(g) <— > HF(ads) 

<55> M(g) <— > M(ads), (M = Alcoholic Species) 

<56> 2HF(ads)+M(ads) — > HF 2 ~(ads)+MH + (ads) (1) 

<57> Si0 2 (s)+3HF 2 -(ads)+3MH + (ads)— >H 2 SiF 6 (ads)+2H 2 0(ads)+3M(ads) ... (2) 

<58> H 2 SiF 6 (ads) — > SiF 4 (g)+2HF(g) (3) 



<59> ^ 7] ^o\) *av^ ^ ov^a. ^^(i)^ £e] HF 2 -S 

, ^M, °1 HF 2 ^ ^zHHs* 7># ^ Sl^KI^. ol *m 

^HHH^ cfs. «-A>#s.Ai iV^(2)ol|^4 H 2 SiF 6 # 4M3*1?1£|-. °l^^r «>-§- 
^(3HH iL^°l 7}^ SiF 4 S* HFS. £-*flEM 7]& $H1 ^HH^x] & 

^«fl ^s. apM^ , o] «-<y.^ - a>o]^ ^l«fl*V7fl ^4. 

<eo> ^7] 3E. 4^ ^ fsl-tM ol^HS.^ <£^#-^ 

50torr, ^£7> 25*0 7}^^} -g-^^^-ofl <^e|7>^l S\H& &Sb^9l 

28-13 



1020000067065 2000/12/ 

LTOCLow Temperature Oxide), TEOS (tetraethylorthosi 1 icate) -M- 13 }-, PECVD ^S]-^ ^ 
PSGCphosphosilicate glass)^ ^^^-^ M-Bf^ cf^. A>Sj-^ j^tf psg 

^-§-#^( react ant species)^ ^o] ^s^l ^^l 7}# ^ ^ & 

^. 

<62> (^H 1) 

<63> 3°11 M-eJ-^ #*1» <>l-8-*r^, ^ tf^-t- 50torrS. S>jl, ^^E.* 

<64> -o^i tiv^(302)<^i ^<h cfl7i<a- -a-Bfls. ^; ^^^i-'TfloiM ~ 

(308) 1- ^ *V-g-^(302)^. , ^ *1 3(311) $W ^€ 7]#(309)3H 
*1H^1 (305)1- ^^(304)5. ti}-g-^(302)^: wfl^ ^, 7]^- 

(309) ^1 -8r£7> 35t^l £^>ji «flw.(312)<^l ^sfl 50torr £^ ^, 
^ -i-SH^^h 7fleH 7>^( carrier gas)^l <£i2* ^1-5.^(315)^11 ^<g*H 
^5 <£i2# ^7l# #-g-^(302)S. ^SScf. ^ l-SHr^ 7>^3fl = (314)S. 

40°C7> -fr^HS 7>i ^n-Ugas cylinder)**!*! lOpsi^ £-5. 7>^» ^SV&aL, 
-8-^2:^71(313)^1 ^*fl l,000sccm£.3. <>1^S5.^ <£i2# Blfel 

(315) oil ^^cf. ol^H5.€ QS-^o] #^°ll $a^r #3 M 1-^^.(316) 

fi)«B lOpsiS. «J3*MI -fM^^i ^r^^f shower head, 317) 

5. ^J3°1 #-§-^(302)S ^5)^^. 

<65> ^-71 <&?HH ^£7> 40 °C °1>£ S) <^ d> 7l ^ Jl , <£i2^-£- ^ 
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5.7} 10°C °}^°\]*\ &7]<&°] Jitf i£7) nfl^-ofl ^ ^ 7 ] 

^-&£tt -&£7> ^7}^ S\*$% ^S)^. 

3. 35°C5. ^^-£-2-^, ^ Lfl^- £r5.7} Jitf ^ -fr^l 5.^- 

^^^ov a>-§-^ ^^11- #*}3l 91^ 100 TC 3. -B-*l*r&^. 

< 66 > ^4, £ 6-4 1200^ Q ej) ^ (cantilever)^ 

<67> se^- ^^tt ^^H, 1.7/m if-v])^ 4^^^^^- ^«.efl<?l 

- (membrane) 3H1 5/aii ^>^-2.S. afl<g^ 1^ T^-i- ^-*H 4//m ^3 LTQ-sl^^ 

<68> (^X|a)] 2) 

<69> ^6}] luif ^^tb ^r^t!: ^=r, 12^ cf^^-a 

iS.^ (spring)^: ^ SMI =1^: t Sa£°-^, SEM^r^l* £ 8 ^ M-^^ 

<?o> (^Al<^l 3) 

<7i> ^X\d\] S ^o_^ ^-§: 2- 9 °ll t-W\H SEM a>^1^ ^-o) 8.6 
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<72> *H 4) 

<73> ^ 25torrS. ^ ^ASr *\)2)-s}JL±r ^H i jzf « 0 >^A^ ^-g- 

*r<3^ ^H 1 ifl^l 4 ^ &<g-§- SKl^S*^. - 



<74> (^H 5) 

'<7^'~ 7A ' SOI ^11^1 o]-g.^- ^ol^^^no^ 5)^0] <g A>5|-^(thermal oxide) 41 tfl^: 

31^ ^ 1 7l^^ TEOS ^sl-^- 2Lt\. «>^(film quality)^ ^ 

' " '(dense )S>7] nfl^ofl ^ ' *\z}& ^H ^*>3°-5. €^-^'^1^^^^ *<H| " 

2lt -nsv^^- ^ zl £ 10*11 SEM Af7jo^ uj-Ej-ifl&ch 

<?6> ^h 0 l£Hl£. ^^l ^ 7l^VAiz^- S. u£) 

(optical switch)** £ 12$) ( 0 pt ical filter)^ ^ <^^7M ^^(MEMS)^l-g- 



<77> (tilJQL^AHl X ) 

<78> ^^(A)^l ^^Ol 50torr, -gr£7> 25'C'?] ^S^H *W ^-£r -g*H 1 

*«J# ^71^ #7l7> P}§ ^-5£S1<>1 $1^4. °l^r 7f^7> 

*l*4xr *f|J=(317)^-g- A>o]o 1 l ^--g^^ <£i^<9 <?1*H # 
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o) IMS^M , °1 #°1 a^<*fl ^^^cf7> «~g.^o.s. 7)s\-S\^*] iaj-g- ^ 3} o. 

<79> («]jE^Alofl 2) 

<80> wjiii^ aH lJif ^S^H 75torr^l ^7>X| ^ 

nwwrtft^o. ^3zf, ^^l^^S A]^ ^ofl c] ^ -§-713 ^^o] i^uf. ,:-7 
<81> c)^n}. v)± JI^^ ^1 ^}7l ^ ^-o\) 

--^ ^7l# <g*HH ^*Kr S^^^l- ^7l^Al^l- ^>^-^-o]- ■ 

*H?J ^^M"* ^^TlM- ^Al^ ^ fll*. 

w ■ f -* 

<83> olAj-oflAl ^Alojl ^ £lgofl ?H 

£ ^3 71^^ A>^o. t^o^x! ^ ^^ifloflAj 7 }4 ^ 
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^ SlTfl ^l^L 5)^7 ^ ^ ^ ^Bf, ^5^1 ^2:^^^ 

^^7> 7>^>^ rfl^^ ^ SU^r ^^^^1 #3«r 7>^lc}. - 
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1] 

nl^l^p-s^fl ^ Zl^e) #311- iE^l-^ ^^(MEMS; Micro 

Electro Mechanical System)^} *l|a-g- aL^SM =)-r-^ a o v ^ . 

2] 

*o i 5a°H, 

^-71 ^ZJ- ^ ^r^M 25-75torrS ^ ^ s}^ ^^-h*} 

3] 

a}71 ^zj- ^ ^Alo} 25-80 tS ^ ^8 *}^r afl 
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*\) l Si**]*), 

5] 

^1 1 &<>H, 

^■71 s^^^l TEOS, LTO, PSG, BPSG 2E^ 1^>s|-^-( thermal oxide)**! 
[3^*8- 6] 
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